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ABSTRACT

By working at wrong-signature nonsense points where background
Regge poles vanish, evidence for the SU(3) symmetry of the residue of
the v (Reggeized 3/ 2 ) exchanges, and new confirmations of the SU(3)
symmetry of the residue of the o (Reggeized 1/ 2+) exchanges, are ob-
tained from backward meson-baryon cross sections, Then, taking the
SU(3) symmetry properties for granted, it is shown that the gross fea-
tures of various backward angular distributions imply that exchange
degeneracy of the baryon Regge residues is broken. Further evidence
of the breaking is found in the apparent violation of a constraint in
whose derivation not even Regge exchanges thought to be small are
neglected. Quantitative estimates of the breaking show that residues
which should be equal differ by factors of between 2 and 5. An apparent
very large violation of SU(3) which cannot be attributed to exchange
degeneracy breaking is noted, and its possible explanation speculated

upon. Experimeﬂts which would be relevant are discussed.



I. INTRODUCTION

In & recent paperl (hereafter referred to as I), evidence was given
for the SU(3) symmetry of baryon Regge residues.2 That evidence was
based on comparisons between the shapes of angular distributions for
different backward meson-baryon reactions. Assuming the symmetry to
hold, the polérization inmgp 2 AKO was considered, and was found to
suggest that the residues of the ¢ and ¥ octets are not exchange degen-
erate, as duality in such exotic reactions as KN -+ NK would imply, but
rather have different u dependences.

In the present paper, we obtain evidence for the SU(3)-symmetric
behavior of baryon Regge residues in (backward) reactions where more
than one pole contributes importantly. Unwanted background poles are
eliminated by working at the wrong-signature nonsense points where these
poles vanish., We also obtain confirmation, from cross section data
alone, that exchange degeneracy between baryon residues is indeed broken.
In a pre-closing section, we note an apparent gross violaticn of su(3)
by the vy octet, and speculate on a possible explanation for this seeming
misbehavior, Experiments that wopld be interesting are commented upon
in the Summary. In an Appendix, we discuss the possible Ju-dependence

(u is the crossed momentum transfer) of the SU(3) parameter d/(3+f).
. .‘,‘,

II, SU(3) AT WSN POINTS
When each of two reactions is dominated by a single Regge pole, and
the two Regge poles involved belong to the same SU(3) multiplet, the
SU(3) symmetry of gheir residues may be verified by seeing whether the

. 1
cross sections for the two processes have the same u-dependence, o=



parison of u-dependences may also be used to verify the symmetyy when
in éither reaction the pcle of interest is accompanied by others which
are rigidly related to it by exchange degeneracy (EXD). But when each
of the reactions involves several unrelated poles, it is harder to
check that one of those in the first raction bears an expected SU(3)
relation to one of those in the second. It may still be possible, how-
ever, to isolate the poles of interest by working at a special momentum
transfer where the backgrounds wvanish.

We illustrate with reference to the backward reactions n+p - pn+
and 7 p - AKO. The first of these is dominated by Na Regge pole ex-
change, but the second, which is pure I=l in the u channel, can involve
exchange of 20(1190}, zy(167o), 36(1385), and 39(1765). We would like
to see whether the %1 contribution is related to that of Na in
ﬁfp -+ pg: as SU(3) would reguire.

Duality diagrams suggest exchange "antidegeneracy” (equal trajec-
tories with equal and opposite residues) between gy and ZQ, and between

T, and Z%, inmpp - AKP. However, since we shall presently see that

&
EXD is broken in this reaction, we wish to use this prediction as a
rough guideline only. Applying SU(3) to the Aé contribution measured
in mp # o, taking into account the major kinematical SU(3)-breaking
’ s

effects as in paper I, one estimates that the 26 contribution to

- o . 3
np + K at 6.2 GeV/c and u=0 is 6% of the measured rate.” From rough
26-2% EXD and the smallness of the z% signature factor relative to that
of the 26 in the w range of interest, the z% contribution is quite a

bit smaller still. Thus, Eﬁ and ZQ must be supplying most of the ob-

served cross section., Now if the duality diagrams are anywhere near



right, the z# is not small compared to the za. Since we lack gn accur- -
ate estimate of this :Q background, we simply eliminate it by going to
the u-value where o (u) = -3/2, and the z& contribution vanishes be-
cause of a wrong-signature nonsense (WSN) zero. TFrom its Chew-Frautschi

plot, o, Dpasses through -3/2 at u = -0.61 Gevz, so we compare the

T
- ‘ +
np - mcg rate (6.2 GeV/c data) with the 'n'+p -+ prr rate (5.2 GeV/c

datah) at this u. Neglecting at first the ¢_ and Z%, the comparison

&
follows the principles used to compare nfp -+ p‘n'+ with K+p -+ pK+ in I,
and includes a correction for the energy mismatch based on Regge power
law behavior. TIts result will support SU(3) symmetry if the implied dd’
the d-value for the ¢ octet, is consistent with the values already ob-
tained elsewhere, Normalizing d+f to unity, we find dd= 0.66. One can

refine this value by including the ¥_, making some guesses about how za

)
and b interfere. This leads to the modified result da= 0.63. Obvi-

ously, the ¥, has very little effect, so we make no attempt to defend

5
our particular guesses. We observe that the value just found, 0.63, is
well within the range of 0.5 to 0.8 found in the analyses of paper I.
(The values of da deduced from varicus meson-baryon coupling constants
cover about the same range.s) |

This procedure pf making SU(3) comparisons between different reac-

/

tions at WSN pointé has been applied to obtain additional evidence for
the symmetry of the residue of the o (Reggeized %+) octet, and to obtain
the first evidence for symmetry of the resldue of the v (Reggeized 3/27)
singlet-octet mixture. Attention has been focused on the reactions

ap o AC, Kp 4 pK,% and np o ©K.7 SU(3)-EXD estimates along the

lines of the estimate made for w p = AKO have shown that the § (Reggeized



3/2+) decuplet and 3 (Reggeized 5/27) octet contributions are gmall
compared to the observed cross section in all three reactions, so these
contributions have been neglected. We now describe the WSN point com-
parisons which have been made, and their results.

Tests of o Octet Symmetry

a) We comﬁare D -+ AKO (qy and Z% exchange) to K+p -+ pK+, which
réceives contributions from Qy and z&, and AV and z&. Neglecting the
small splittings hetween these trajectories, we compare the rates at an
average WSN point of u = -0.7 GeVg, where o, = a_ = -3/2. At this

A
point, SU(3) for the « octet residue predicts that at a common.energy

2
- o d (4 -3
glomp » AK) _ /% a( o Z)l , (2.1)
+ + 2 *
o{K'p ~+ pK') (e -3/2)7+ 3(a_-3) 7
where g = dg/du. Correcting the 6.2 GeV/c w p - Ax° datad to the en-

+ +
ergy of the 5.0 GeV/c X p 4 pK data6 assuning Regge pole energy-
dependence, we find from (2.1) that dd= 0.62, in excellent agreement
with the previcusly determined wvalues,
- -+ ot + . .
b) We compare np * ¥ K and K p » pK , both of which involve A
da but wi . . domi .
gy, AV’ an z&, ut with the Au,y contributions predominating because
of the weakness of’khe z& y couplings. At the point where the Y con-
»
tribution vanishes (this time we use u = -0.86 GeVE, where o, = -3/2),

su{3) for the « octet residue predicts that at a common energy

- -+
+ 7K

O‘(TI'+P 2 - ) - %T_.’ (2.2)
olK'p +pK )



independent of the value of da. If one corrects the 5 GeV/e Ktp -+ pK+

datas to the energy of the 4 GeV/c np » oK data’

assuning Q& Regge

- -+
pole energy-dependence, (2.2) predicts that o{n p 2 £K ; u = -.86 GeV2)=
0.7 ub/Geve. Experimentally the latter cross section is roughly

1.8 pb/GeVE, but 0.7 ub/GeV2 is s£ill within the large error bars.

’

Tests of v Singlet-Octet Symmetry

To explore the SU(3) symmetry of the residues of the ¥ %rajectories
N (1520 1520), ¥ (1670), -+++), we isolate the contribu-
( v Y, A'Y( +): +'Y( +: ’ (A'Y, Z'Y)
tioninmp-+gLK,Kp=+pK, and np = AKO by going to the u-value,

wh -3 and th tributi i . -
uY, ere a(ﬁy 5 an e (Q},gy) contribution vanishes. (Ac

S5
tually, uY =+ (.2 GeV2, which is just outside the physical region, but
one can to go the nearly physical point u=0 and take the remaining g
octet contribution into account.)} Since the Ay(ISEO) is a singlet-
octet mixture (assuming it is not more complicated still), the SU(3)
prediction for relative rates =t u_Y depends on the mixing angle 8, the
ratio x of the v octet Regge pole - meson - baryon coupling to the v
singlet Regge pole-meson-baryon coupling, and the d-value, dy’ for the
¥ octet. Obviously, no simple predictions are possible; however, all

the required SU(3) parameters may be determined from the properties of

the 3/27 resonances‘which lie along the ¥ trajectories. The quantities

g and dY have been given as 230 and 0,22, respectively.8 The branching

ratios

T(a(3/27, 1520) =+ =T)
r(A(3/27, 1520) -+ &)

and



T(A(3/27, 1690) + ) ,
T(A(3/2-, 1690) - KN)

together with the assumption that SU(3)-symmetric couplings are related

+
to decay rates through barrier factors qeL 1,1’8 thent imply that x = 0.3

at the position of the 3/2” A resonances, Now SU(3) does not require

that the singlet and octet couplings vary in the same manner as one goes
from the positive u where the 3/2- resonances occur to the negative u
values corresponding to backward scattering. However, if the v contri-
bution is exchange degenerate with that of the o in two reactions in-
volving different admixtures of ¥ singlet and ¥y occtet, then the singlet
and octet couplings must have the same fu-dependence, and x will have
the same value in the u-range where it is needed as it does at reso-
nance. Relative rates may then be predicted, but the reliance of the
predictions on EXD must not be forgotten.
Neglecting the small splittings between the A and ¥ trajectories

involved, the cross section for wp - E“K+, K+p -+ pK+, or mp =+ AKC has

the form

o(s,u) = [hi(u)cose-g alu) + hi(u)sin2

nl3

E(u}]rz(-?&)(-:—-)za(“)'l, (2.3)
o

K

where o is the comon Aa, zo:’ A, ?‘v trajectory, minus one-half, and S,

Y
is a scale constant. The contributions of the ¢ and v multiplets are,
respectively, the hcr and hy terms of (2.3). The h's are related to the

corqpsponding Regge residues, and the ¢ and v contributions do not in-

terfere because the trajectories are (empirically) degenerate, and the



even (o) and odd (v) signature factors then become perpendicular.

a) We compare ;w p -+ E'K+ and K+p + ‘p}{+ at u=0. We assume that in
K+p - pK+, whose s channel is exotic, the « and v contributions are ap-
proximately exchange degenerate; that is, hd(K+p -+ pK+; u) ahY(K+p -+ pK+;
u). We shall not assume EXD, howkver, in g p - z'K+, where only the t

s

channel is exotic. Then, from (2.3),

- -+

glnp » TK ;s,u=0) _
+ +

O’(K p + pK ;S,u=0)

- -
hz(ﬂ' p - ¥ K ;u=0)

= = :
hi(K p -+ pK+;u=O) hi(K p - pK+;u:O)

- -
Experimentally, at the energy of the 4 GeV/ec 1 p -+ T K measurements,

one ha.s6’9

- -+

olwp * TK 3s,u=0) _
¥ ¥

olK'p + pK ;s5,u=0)

Q.17.

From the measured cross sections6’7 at the point where g = -3/2, the

K4

ratio

2, = -
ha('rrp -+ ¥ K :u)

3

hi(K+p 5 pK )

which from SU(3) is u-independent, 1is 0.66.7 Then, taking o =o, =

Ay



-.70 + .97u, as indicated by the Chew-Frautschi plot, we find $rom

(2.4) that

hz(ﬂ-P 4 TK ;u=0)

= 0.12.
T
hi(l{+p + pK 1u=0)

By camparison, the SU(3) prediction for this ratio is

- -+
hi(ﬁ P+ LK ;u

hi(Ker 5 pK 3u)

(/% cos@ - desine)(J% cos§ + x(% - dy)sine) + 3x2(l - dY)(dY - %Sr
)2 ]

(2.5)

i~

(/El; cosg + X(% - dy)sine)2 + 3x2(dY -

Inserting in this expression the wvalues of @, dy’ and x determined from

the resonance data, relying on EXD, as explained previbusly, to justify

the assumption that x does not vary with u, one prediets that

w2 (np + 5K ;u=0)
X = 0.11.

*
hi(K D pK+;u=0)

The agreement between this number and the value Q.12 determined from
the high-energy cross sections is striking, especially considering how

much’ the SU(3) prediction depends on.



- + +
b) Finally we compare wp - AKC and K'p + pK at u=0. It #s easily
shown that for both of these reactions one may, £o a very good approxima-
tion, just neglect the ¢ contribution relative to that of the y at this

u. Then, from (2.3),

L2, - ) - 0
hY(ﬂ pP + MK ;u=0) olnp =+ pK ;s,u=0)

hi(K+p -+ pK+;u=0) c(K+p -+ pK+;s,u=O)

- +
Using the 6.2 GeV/e np + AK® and 5.0 GeV/c K p - pK+ data (correcting

for energy mismatch), one finds from this relation that

2, .
h(mr p -+ AKO;U=O)
Y = 0.2.

+
hi(K p =+ pK+;u=O)

If one takes the splittings between trajectories into account, a larger
value is obtained. Thus, it is interesting that the SU(3) prediction,

obtained as before by using resonance data and relying on EXD, is

h2(wp + A%;u=0)
b = 0.0030.

y hi(K+p -+ pK+;u=O)

The combination of SU(3) and EXD has failed by two orders of magnitude!
In trying to assess this result, we note that the v contribution to
Tp -+ AKO is pure z&: that is, it is purely from the ¥ octet. By con-

4
- -+ + +
trast, the v contributions to g p + T K and Kp -+ pK are both domin-
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ated by the AV’ which is more singlet than octet. Thus a failuwre of o-Y
EXD, resulting in a failure of the ¥ singlet and ¥ octet couplings to

have the same /h-dependence, would have more serious consequences for

our SU(3)-EXD prediction of hi(ﬁ'—p - AK°)/h3(K+p -+ pK+) than for that of
hi(n’p -+ sz+)(h3(K+p -+ pK&). Corisidering all the evidence for the SU{3)
symmetry of baryon residues, we suspect that it is indeed a breaking of
EXD which 1s responsible for the spectacular failure of the one prediction

to which EXD is most crucial.

TIXI, CROSS SECTION TESTS OF EXD

The analysis in paper I of the polarization in np -+ pK° suggested
that exchange degeneracy between the o and ¥ octets is brokens in partic-
ular, it suggested that the o and ¥ octet residues have different Jua-
dependences, Mindful of the caution with which conclusions based on
polarizations must be treated, we now ask Qhat can be learned about the
exchange degeneracy properties of baryon Regge residues from cross sec-
tion data alone. We have just seen an indication of EXD breaking in the
previous section, but wé seek more direct evidence than that.

Consider again the reactions K+p -+ pK+, nTp 2 2'K+, and wp + AK°,
noting now that in each of these processes there is a reason to expect
EXD of the u—channei trajectories, 1In K+p -+ pK+ the s channel is exotiec,
in v p = K the t channel is exotic, and in np -+ AK", EXD is suggested
by duslity diagrams. Next, recall that the cross section for each of
these reactions has the form (2.3), with ¢ a single trajectory function

(neg;gcting small splittings) common to the three reactions. Now SU(3)

tells us that the coefficients hi(u) of the o octet contributions in the



different processes are proportional to each other, If, in addition,
the o and vy contributions In each process are exchange degenerate (i.e.,
‘hj(u) = hi(u)), then, from (2.3), the cross sections for all three pro-
cesses must obviously have the same u-dependence at any given energy.
Experimentally, each of these Teactlions has a roughly exponential
backward peak.' At 6 GeV/c, these peaks have approximately the slopes

indicated below {with u in Gevz):3’6’7’lo

+ +
Kp-+pK : eLm

2u (3.1)

- -+
mnpP+ITK:e

ﬂ-p 2 AKO : e6u.

Over a range of 1 GeV? in u these differences in slope are quite signif-
icant. Thus, just from the gross features of the backward cross sections
we learn that exchange degeneracy between baryon residues is broken. We
have, to be sure, used SU(3) symmetry in arriving at this conclusion, but
we have quite a bit of evidence by now that this symmetry holds.

In the preceding argument, theva decuplet and g octet contributions
have, of course, beeP neglected. That the 26 contributions to the reac-
tions of (3.1) are’émall i1s found, it will be recalled, by applying SU(3)
to the Ab exchange which dominates ﬂ—p + pw . Considering the evidence
for SU(3), including comparisons between strange and non-strange ex-
changes, one then expects that the Eﬁ contributions really are small.

That %the {h, AB contributions are also small then follows from the assump-

tion that they are at least very roughly exchange degenerate with those
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of the }36. Thus, the neglect of the & and g contributions shoui_.d be
perfectly valid. Nevertheless, it is Interesting that one can find ev-
idence that EXD is broken even if one a.ilows these contributions to be
arbitrarily large.

Assuming EXD, and only those SU(3) relations which connect various

1

strange exchanges, one may easily show that the differential cross sec-

tions for the processes in (3.1) hawve the formll

U'p = U(K+P -+ pK+§S:u) = (C-': + _6.)2, (3.2&)

op = oli'p + £K'3s,0) = 1 + T, (3.2v)
- -2

op = olmp + i5s,m) = 3+ 68 (3.2¢)

In (3.2), @ = (ayse_) is a real, two-dimensional vector, with o, (o)
representing the combined g vycontribution to the non-flip (flip)} amplitude
in K+p -+ pK+. Similarly, 2= (6+,5_) gives the combined $a contribution
to K+p - pK+. The coefficient ug is the da-dependent ratio on the right-
hand side of {2.1).

Fram (3.2b) and (3.2c), one sees that, given U-Q: Og and oy determine
the sizes of the vectors &' and g at each s and u. Then (3.2a) requires
that % lie in the range (I;l - |'§|)2 <o, s (|3| + |'5’|)2. This require-

ment may be expressed as the constraint that

s
[(% o, - 662 + ]% UA) - ug(cp - UZ)]E < (60'2 - G!\)(GA - up.zcrz)- (3'3).
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Focussing on the point u=0, we find that at a pion lab. momentum of L
GeV/c, where the cross sections are known,12 this constraint is substan-
tially violated for any possible value of uz (see Figure 1).

To be sure, (3.3) is satisfied at u=0 if, for example,gE is 25% larger
than the value suggested by the data of Ref., 7. Such errors are entirely
possible, but the data then suggest (though not conclusively) that (3.3)
cannot simultaneously be satisfied at a large u such as -0.7 GeV2. Such

2.5u 2.9u

simultaneocus satisfaction requires, e.g., o5 < e and % =e "7,
whereas experimsntallyle o5 = e(]"l’uﬁg:)'aju and o, = 3(3'15i0'2)u. Ob-
viously more accurate data would help; however, even through (3.3) is
not presently decisive by itself, it strengthens the conclusicn that EXD
is broken, drawn from the comparison of u-dependences in (3.1). That
compariéon is not sensitive to experimental uncertainties, there being
very little possibility that all three of the cross sections considered
in (3.1) have the same shape.

Let us now obtain a quantitative measure of the degree of EXD break-
ing. We neglect the §RB contributions, so the three reactions of (3.1)
have cross sections of the form (2.3). Let us assume that EXD remains
approximately valid in the s- exotic process K+p -+ pK+, and interpret
the slope disparity in (3.1) in terms of a departure from unity of the

’
ratio X(u) = hi(u)/hi(u) in each of the remaining two reactions, where
EXD is less strongly motivated. Turning first to T D - AKO, we apply
(2.3) and the SU(3) relation that hz(n’-p + pk%;u) and h§(1{+p + pK+;u)
are proportional. Then, at 6 GeV/c,

/
olnp » A ju) = A[L + (X(n’p 4 1K%u) - Dsin® : a7, (3.4)



1k

where ehu represents the shape of g(K+p -+ pK+;u) at the same engrgy.
From the 6.2 GeV/c data at the WSN point o = -3/2, A = .51 yb/CeV>. Then,

matching (3.4) to the observed cross section at u=0, one finds that

X(mp + K;u=0) = 5.1. (3.5)

4
If one assumes X to be a constant, (3.4) and (3.5) yield the curve shown

13

in Fig. 2. Since this curve evidently represents the data quite well,

we must say that the ;4 p - AKO cross section provides no evidence for
different u-dependence of ha and hY in this reaction. However, the cross

section does, as we see, require that EXD between hz and hs be broken

in size by a factor of 5.

An alternative way of estimating the degree of EXD breaking in
np - ﬁKQ is to obtain the za contribution to this reaction by applying
- 8U(3) to the Na exchange which dominates n+p -+ pn+, and then, following
(2.3), to infer the z% term by subtracting the z& from the observed cross
section. In applying SU(3), we follow as usual the principles used fo
campare nfp - pﬂ-+ with K+p - pK+ in I. The ratioc between the {a residue
in np » K and the N, residue in'n+p - pn+, which we require, was ob-
tained implicitly when we compared these reactions at the WSN point
@ = =3/2 (Sec. II). (From SU(3) this ratio is u-independent.) Using
the 5.2 GeV/c data %or n%p -+ pnf,h we find that the T, contribution to
ap + MK at 6.2 GeV/c and u=0 is .058 ub/GeVE. From the measured cross
section of 2.0 ub/GeVZ at this point,3 (2.3) with the Xnown Z, ZY trajec-

tory 5.713 then Implies that

Xrp + K5u=0) = 6.5, (3.6)
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This confirms the approximate correctness of the earlier estimage, (3.5}).
However, we note that although the hitherto neglected splitting of == 0.2
between the }:‘,d and, E‘Y trajectories has no gross qualitative effects, if
one takes this splitting into account in computing (3.6}, he finds that
the degree of EXD breaking is actumlly quite a bit larger. With

o Foa_, (2.3) for np » fK° takes the form

Ea' 2‘;(

2q_ -1
EQ’
ole,w)= (0] (w) (07 (w))*Jeos® T & 17 (- 1)
[+ 4 o O
252 -1
2 1T - 3 Y
# () %+ (07 (w)) *Tetn® T o PPz ) () (3.7)
¥ Y ©
EE -'-c}'.- ;E "'%
2sin 23, -7, )(h (wh (@) (wh () Jeos T 7. T(-a. )(E)  sin Ta. r(-3. }(E)
-2sin 3 QEQ-QEY [ L v u)+h (u v 1} Jcos 5 ozzal" -Q'Ea é;) sin 5 az\{l"(-crzy) (;;

' + - ,
In this expression, hor and hcx are the coefficients of the }'_‘a contributions
+
to the non-flip and flip amplitudes, respectively, and similarly for hY

and h~. The quantifies h  defined by (2.3) are related to the h¥ by
Y i Ay oy

- -2
=0+ )% 0% = N2+ (1) With the |5 1% term in (3.7) ob-
* @Yy Y o

tained by applying SU(3) as before, the implied 13Y|2 term will now de-

pend on the Ecr’ E\’ interference. Obviously, for given ¢ and |Za‘2’ the

smallest ]gY|2 will result if the guantities E‘a = (h;, h), it

+ -
(b, b7)
Y vy
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considered as vectors in helicity space, are anti-parallel, so that the:
interference term has its maximal positive value, To obtain a lower
‘bound on the EXD breaking, we suppose these fectors do have this orienta-
tion. Working again at 6.2 GeV/c and u=0, we find in this way that
‘EQ‘E/‘ZE‘2 2 30. Taking into account the various trajectory-dependent

factors in (3.7},1h this result implies that

+ 2 - 2
(hY(O)) +(hy(0))

Tt = 2h. (3.8)
(hd(O)) +(ha(°))

X(np + K ju=0) =

We see that EXD between the za and 2% residues in ¢ p - hKO is badly

broken indeed.

- -t
Turning now to n p » T X , we find from quantities already computed

" in Sec. IT that

hi(-n-p + 5K u=0)

X(np + £K u=0) = " —
ha('rr p =+ T K ;u=0)

2, - s 2, & +
B (D + TK 1p=0) h_(K'p » pK ju=0) hi(K*’p + pK ;u=0)

2, 7+ + - -+
hY(K p + pK ;u=0) hz(n P < T K ;u=0) hg(K+p -+ pK+:u=O)

(0.12)(1.50)(1) = 0.18. (3.9)

il

Thus, there is also a substantial breaking of g~y EXD in np + ©X , in
size at least. Since the existing data involve rather large error bars, .

»

they cannot be used to test whether EXD is broken in u-dependence as well}
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Iv, THE N# PROBLEM

Our various analyses, and those of pﬁper I, have shown rather consis-
tently that EXD does not hold, but that SU(3) does. In the one case
where SU(3} appears to fail badly (cf. Sec. II), the apparent failure can
plausibly he attributed to a breaﬁ&own of EXD. However, before closing
we note that our results imply another failure of SU(3) which cannot be
blamed on EXD breaking. Namely, the large ZQ contribution which we have
found to dominate wp - AK® near u=0 implies, through SU(3) for the y
octet, an N contribution to M = Mm which is very much larger than ex-
periment will allow. At 6.2 GeV/c and u=0, the !z&!g term corresponding
to the lower bound (3.8) is 1.7 ub/Gevz. At the same energy and u, the
|Nyl2 contribution to the cross section o((mN - Nﬁ)1u=%) for TN scatter-

ing with I=} in the u channell”® is then

IN12=20 L 1512 = 370 yb/cev2. (4.1)
R [ (e -H1° 7Y "

Here we are assuming that oy (0) =5a2 (0), as suggested by Chew-Frautschi

14,16 Also, knowing that dY is approximately %,8’17 we are taking

plots.

it to have exactly ?pis value, since this is the value between zero and

L for which ]N&]E is minimized. Now Barger and Olsson'” have calculated

o( (il - Nm) %) from the 'data at 5.9 GeV/c. They find that at the

N& WSN point? u = -0.1k Gevz, this cross section vanishes to within an

error of 1 ub/GeVE. Since Ay cannot contribute to g( (T - Nﬂ)I 2%), this
u

1 gb/éev2 is an upper bound on the NY contribution at this u. However,

given the Regge pole form
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EEN (u)-1
Rwe? §5 PF)E (1.2)
Y ¥ ©
with s ~ 1 GeV° ‘and °‘N °‘N - % = -1.40+0,92u, 16 the NY contribution of
(4,1) will only decrease by a.bout a factor of 3 as one goes from u=0 to
u = -0.14 GeV2, unless hi(u) behaves spectacularly between these two
points. Thus, %he predicted NY contribution at the N& WSN point is ap-
proximately 120 ub/ GeV2, in eontradiction with experiment by two orders
of magnitude.
It might be thought that our estimate of |z§]2 in mp + AK° at u=0,
corresponding to (3.8), might be wrong because we neglected any NY in
0 2 Nt when calculating the |z&|2 inmgp -+ AK® from which the |z&|2 was
inferred. However, since the |EY|2 accounts for practically the whole
ﬂ'p - AKO eross section at u=0, any such errors in |z&‘2 are insignificant.
(In detail, the calculation of ‘z&!z requires the u~independent ratio
hz(n-p - AKp;u)/hz(ﬂN -+ Nm;u), and the value of |Na]2 at u=0, The former
was obtained by comparing the cross sections for nfp - pnf and wp -+ AKO
at u= -0.61 GeV*, where a = -3/2. At this point it is also true that
QN ~ .3/2, go any NY contgibution would vanish enyway. As for ‘N | at u=0,
note that the experimental upper limit of 1 pb/GeV2 on |N | at the N
Zero implies, from (&.2), a limit of about 3 p.b/Gev2 at u=0. The biggest

N with which an Ny'of this maximm size can interfere to produce the ob-

served cross section o((ml - M) u=0) == 30 Wwb/GeV> has I, ]2 b3 ub/Geve,

1,
Applied to this Na SU(3) yields |z | .094 p.b/GeV2 at u=0. This is

larger than the value .058 ub/GeV2 quoted earlier, but if one repeats
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the calculation preceding (3.8), he still finds that at u=0 |;:Y42 > 1.7
ub/Gev=.)

Given the many successes of SU(3) for baryon residues, the apparent
disaster represented by the oversized predicted NY presumably does not
mean that SU(3) itself has broken down.l8 It may be, for example, that
behind the NY éroblem is an oversimplified SU(3) classification of the
Reggeized 3/2' states. From the point of view of the guark model, one
does not expect just a single 3/2° octet to which the z% can belong, but
two octets and a decuplet. TFor the octets, the quark medel prediets d-
values of 3/8 and 3/2.19 Experimentally, only one 3/2” octet has been
established; its d-value as we know is approximately i, reasonably close
to the guark model prediction of 3/8. Perhaps, for some dypamical rea-
jon, the coupling of the other octet to meson-baryon states is suppressed.
However, suppcse that as one goes from positive u, where the 3/2' reso-
nances occur, to negative u, the Regge poles corresponding to the two 3/27
octets switeh roles, so that now the coupling of the octet with the small
d-value is suppressed, and the octet with the large d-value dominates,

In that case the d-value which should be used in (L4.1) is more like 3/2
than L. If dy= 3/2 in (4.1), the ‘]Ny|2 contribution at the N_ WSN point
is only 0.2 ub/GeVQ, instead of 120 ub/Gevz, and the contradiction with
: y
experiment is resolfed.zo Now we do not mean to suggest that this mech-
anism, in which two octets conspire to give the appearance of a single
multiplet with schizophrenia, is the explanation of the NY puzzle. How-
ever, we offer it as an example of the interesting possibilities which
thé qhark model suggests and which should be pursued further Note that

when we verified the SU(3) relation between the Reggeized 3/2° contribu-
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tions toqrp 2 LK and K p »+ pK , we took the z& to belong to a single
octet with dy = 0,22, and the AY to be a mixture involving this octet
and a singlet. Such analyses would have to be re-examined if the

schizophrenic octet idea were explored further,

,» V. SUMMARY AND SUGGESTED EXPERIMENTS

By working at or near WSN points, we have been able to isolate Regge
poles of interest and verify the SU(3) symmetry properties of their resi-
dues in reactions where no one Regge pole dominates. The first evidence
for SU(3) symmetry of the ¥ (Reggeized 3/27) exchanges, as well as new
confirmations of the symmetry of the o (Reggeized nucleon) octet, have
been obtained in this way, All tests of SU(3) at WSN points have given
positive results, save for the one prediction which relies most heavily
on assumed exchange degeneracy, and which is violated by two orders of
magnitude. However, SU{3) also appears to.fail by two orders of magni-
tude when one tries to relate the NY and the 2%, assuming them to belong
to a single octet with d =1, This is taken, not as an actual breakdown
of SU(3), but as evidence that, as one would expect from the quark
model, these trajectories involve more than a single su(3) multiplet,

Quite a lot of theoretical work has been based on the assumption of
exchange degeneracyj’both for trajectories (at least scme of which are
known to be degenerate from their Chew-Frautschi plots) and for residues.
However, a previous examination of the polarization in ¢ p - AKP L has
suggested that the gy and z% residues in the exotie reaction K+p -+ pKf
are in fact not exchange degenerate. Following this suggestion, we hawve

tried to see what can be learned about the exchange degeneracy proper-
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ties of baryon residues from cross section data alone. For thig purpose,
the SU(3) symmetry of the residues has been taken for granted. No new
.evidence for different /u~dependences of residues which one would like to
be exchange degenerate has been found. However, it has been discovered
that the slopes of the backward peaks in K+p -+ pK+, mp -+ irK+, and
n'p -+ AKO alreédy point clearly to a breaking of the hoped-for exchange
degeneracy, in size if not in /u-dependence, between the (ﬁy’;y) contri-
bution and that of (AV’EQ) in two of these reactions. Further evidence
that baryon residues do not obey exchange degeneracy has come from the
apparent violation of a constraint, in whose derivation possible 26 and
(AB,zb) contributions are not neglected, between the cross sections for
these three processes. A quantitative measure of the degree of exchange
degeneracy breaking has been made. It is found that contributions to
_cross sections depart from the relationships expected from exchange degen-
eracy of residues by factors of between 5 and 24 or more. This means
that the residues are breaking the degeneracy by factors of between 2 and
2» How serious this is for theories based on exchange degeneracy we do
not know. It is interesting that the breaking is not by facters of 10 or
100, The exchange degeneracy betwéen baryon Regge poles is at least
working very crudely; perhaps theories based on it are still qualitatively
all right. g ‘

Scme experiments which would be particularly valuable from the point‘
of view of SU(3) and EXD have already been suggesteéd in paper I. Here
we would only like to add a few comments, It is obviously of interest to
try té unravel the puzzling behavior of the Reggeized 3/2’ exchanges. To

do this, it would be useful to study reactions which allow only strange
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exchanges with I=1, since such processes will not be contaminatad by the:

Ay’ which is a singlet-octet mixture at the least. IExamples are
Kp =+ =°x°

ﬂ.p -» L'pKo
(5.1)

+ +

Kn-+nk
o

Kgp -+ sz.

By studying these reactions near u=0, close to the %y WSN peint, one
can isolate the z% contributions, and see whether fhey are related to
each other (and to the known z& contribution in np -+ AK°) as one would
xpect for a trajectory belonging to an octet with d =%, or, if not,
how.21 Suppose that, as speculated in Sec. IV, the EY behaves for u = 0
like a member of an octet with 4 =-3/2. Then, from the observed c¢ross
seetion for 7p =+ JK  at 6 GeV/c and u=0, one expects that at the same
energy and angle, the cross section for Kp -+ EOKP will be of order 1
or 2 ub/GeV? {(as opposed to 50 p,b/c}ev‘e if d > 1), and that for mp - K
will be less than 0.5 u,b/(}ev2 (again as opposed to 50 ub/GeV2 if dya%).
Experimentally, we have some hints from lower energy data that both ex-

: /
pectations will prové correct: observations gf Kp - EOKO at 3 Gew/c,z2
extrapolated to 6 GeV/c assuming {k Regge pole energy dependence, suggest
a backward cross section in the 1 ub/GeV2 region, while a study of
ap @ k% at b GeV/c found a backward cross section of zero to within

1.3 uﬁ/GeVE.T It should be noted that all of the reactions in (5.1) are

ones in which one might expect exchange degeneracy, and so are interestigé
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to study for that reason. Finally, measurements of Kp - EOKO x:rould also

facilitate the making of a different, relatively clean test of SU(3)

symmetry _23



2L

ACKNOWLEDGMENTS
It is & pleasure to thank Dr. Vernon Barger and Dr. Christoph Schmid,
and especially Dr. Francis Halzen and Dr. Sydney Meshkov, for helpful and
interesting conversations. The author is grateful for the hospitality of
the National Accelerator Laboratory, the Aspen Center for Physics, and

the University of Maryland.



25

APPENDIX: POSSIBLE /u-DEPENDENCE OF 4

Both in paper I and here, it has been assumed, when considering ex-
change of Regge poles belonging to an octet,‘that the octet coupling para-
meter d(/u)/(d¢/u}+f(/u1)) is a constant, independent of the energy W=/u
carried by the trajectory. This gssumption is not required by SU(3), and
we wish to coméent upon it. (Since we normalize d+f=1, we discuss d.)

If 4 actually varies with /u, the ratio between the values of a given
spin amplitude in two different reactions will depend on u, and also on
which amplitude is involved. If it happens that d{-/u)=d(/u), then the
dependence on amplitude disappears. The opposite possibility, that the
ratio between different reactions depends on which of the two independent
meson-baryon spin amplitudes one is considering, but not on u, seems very
unlikely. We illustrate why in a trivial example.

Consider several meson-baryon reactions k, for each of which there
are two independent spin amplitudes which we shall eall fﬁ. Suppose that
the ratios £5/f, and f-/f" between reactions 2 and 1 are different, but
u-independent., Now consider an alternmative set of spin amplitudes

éﬁ = ff + fk. Then, for instance,
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Now the ratio f%/fz between the spin amplitudes in z given reacgion is
in general u-dependent. And under our assumptions, ff/ff and f{/fi
"differ in size. Thus, if ff/fi was u-independent, gi/gl will not be.
And in the absence of a guideline , it seems unlikely that some particu-
lar choice of spin amplitudes will- happen to be the lucky set for which
ratios between different reactions depend on amplitude but not u.

When d=d(Jh), then at each u the scattering depends on four quanti-
ties: a{/u), d(-/u), and v(Vu), ¥(~/u), where v(Vu) is the SU(3)-invariant
vertex defined in I.Eh Numerous measurements are then required to deter-
mine all quantities. If d(~/u) = d(/u) (so that SU(3) relations are am-
plitude-independent), the u-dependent comparison between 2 pair of cross
sections may be used to fix d(u); then any third cross section may be
predicted. But if d(/u) is just a constant, the shape of one cross sectiom
already follows from that of another, without any prior compariscns. In
paper I it was found that predictions of one angular distribution from
another, based on an assumed constancy of da’ the d-parameter for the
Reggeized %+ octet, are indeed successful. Furthermore, the values ob-
tained for da in the negative - u analyses of T and the presenﬁ paper are
very similar to the values deduced from meson-baryon coupling constants
which correspond to u == +1 GeVz. These results suggest that da’ at least,

, y
does not actually vary significantly with /u. It is then plausible that

the d-parameters of other octets do not either.
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FIGURE CAPTIONS
The left-hand side (L) and right-hand side (R} of constraint (3.3)
as functions of u.2. The constraint is always violated.
Angular distribution for wp + AKC at 6.2 GeV/c, The curve assumes
that exchange degeneracy betwsen the vy and o contributions is broken

by & constant ratio of 5.07, Data from Ref, 3,



700

600

500 -

| ]

o Q
o -
< ™

z [A8D/A7] :3TVIS

200

100 B

.30

<
o

FIGI



T w-p—~AK® at 6.2GeV/c |

1.0 :-I —

& | _
o
~

% i i
e
s
o
=

Ol | —

bi > — -

o|o B _

0.01° | ! ! 1 ]
0.0 0.2 04 0.6 0.8 1.0
~u(GeV/c)®

FiG, 2



